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VI.—On some recent Evidence of the Variation of the Sun’s Heat.—By
Hexry F. Branrorp, Meteorologist to the Government of India.
(Received June 1st ;—Read June 2nd, 1875.)

Since the British Assfciation meeting at Brighton in 1872, at which
Mr. Meldrum brought to notice the fact that the Cyclones of the Indian
ocean vary in frequency with the period of sun-spot frequency, several at-
tempts have been made to trace out the evidence of a similar periodicity in
other meteorological phenomena. Mr. Meldrum and Mr. Norman Lockyer
have done this in the case of the rainfall, with the result of shewing that in
the Mauritius, Australia, South Africa and some other parts of the world
such a variation is to be detected more or less distinctly in the registers.
And Professor Koppen has arrived at a similar conclusion in the case of
air temperature, a result on which I shall have again to offer some remarks
in the sequel. All these results point to the conclusion that the radiation
of the sun is not appreciably constant from year to year,* but varies with
the appearance and physical state of his surface.

Long prior to any of these discoveries, the possible variation of the
sun’s heat and of its influence on the earth had been the subject of specula-
tion among solar physicists. According to Professor Wolf, (as quoted by
Professor Képpen,) Riccioli, in 1651, shortly after the first discovery of sun-
spots, surmised that some coincidence might exist between them and terres-
trial weather changes. Sir William Herschell endeavoured to establish such
a connexion by discussing one of their remote effects, viz., the rise and fall
* in the price of wheat in past years. Sabine established a connexion betwefn
the solar-spot period and that of magnetic storms ; Fritz between the former
and the frequency of auroras ; and finally, in 1867, Mr. Joseph Baxendell of
Manchester succeeded in tracing out a distinet and very striking relation
between the number of the sun spots, and the ratio that exists between the
difference of the mean maximum temperature of solar radiation and the
mean maximum air temperature on the one hand, and that of the mean
temperatures of the air and of evaporation on the other.

All these investigations, it will be noticed, have dealt with the problem
in an indirect form : that of Mr. Baxendell being, however, the most direct,
and perhaps as direct as the data at his command (six years observations
of the Radcliffe observatory, and five years of Mr. Mackereth’s register at
Eccles near Manchester) would admit of. The causes that interfere with the
direct transmission of the sun’s heat to the earth’s surface are so powerful and
at the same time so variable, that even with more perfect instruments than

* As was assumed by Mr. Meech in his elaborate treatise on Solar heat in the
IXth Volume of the “Smithsonian Contributions to Knowledge.”
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we possess at present, it is not to be expected that in English latitudes and
under her variable and cloudy skies, the temperature of the solar heat in-
cident on the earth’s surface, recorded at two stations only, should coincide
at all distinctly in variation with that of the heat emitted from the sun.
Still, by a very ingenious treatment of the data, Mr. Baxendell succeeded
in shewing, with great probability, that the sun’s radiation varied in inten-
sity directly with the observed number of the spots during the years 1859
to 1866.

It was still desirable, however, that further and more direct proof should
be obtained, and it is obvious that for such a purpose, no country offers more
favourable conditions than India; and fortunately, owing in no small degree
to the urgent representations of this Society in past years, the means pro-
vided by the Government of Bengal,in the establishment of systematic
observations throughout its provinees, have put it in my power to bring
before the Society this evening, evidence, which if not absolutely conclusive,
at least leaves, I think, but little room for doubt, that the old speculations
are true; and that the sun’s heat varies from year to year, to such an
extent as must appreciably affect terrestrial phenomena.

Registers of the readings of a maximum thermometer, the bulb of
which is coated with lamp-black and which is enclosed in an exhausted
tube,* were commenced at a few stations in Bengal in the latter part of
1867 or the beginning of 1868 ; at others the observations were begun in
subsequent years. The instruments are freely exposed to the sun’s rays,
supported on forked sticks at a height of one foot above the groundt and
their readings have been recorded on all days, whether clear or cloudy.
Béing very fragile, and exposed without protection, they are unfortunately
very subject to breakage, and although therefore their registers extend in
most cases over a period of six or seven years, I can find but one station on
my list at which the register has been kept continuously for more than five
years with one and the same instrument. This fact very much reduces the
quantity of data available for discussion. It appears that, from some cause
at present unexplained, these thermometers, made by the best London makers,
sometimes differ in their readings to the extent of several degrees (I have
known differences of 10° and 15°) when exposed under apparently identical
circumstances ; and there have been hitherto no means of comparing them
together in Calcutta in the only effectual way, viz., by exposing them side
by side to the solar radiation, and correcting all to some one instrument,
arbitrarily selected as a standard, In dealing with the registers then, I

* In one of these tubes which I opened, (that of a thermometer by Messrs.
Negretti and Zambra,) I found the residual air to have a pressure at the freezing point
of 1'26 ins. about equal to a vacuum of Z.

t At Roorkee the instrument is about 4 feet above the ground.
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have been obliged to restrict my comparison to those of consecutive years
that have been recorded with the same instrument, and wherever an instru-
ment has lasted over a single twelvemonth only or less, its register has
been totally set aside.

The next precaution necessary is to eliminate as far as possible from
the individual registers, those irregulariﬁies which are due to variations in
the state of the sky. This, however, can be done but very imperfectly,
otherwise than on the mean of a very large number of observations. It
results from the actinometric observations of Pouillet, Kamtz, Quetelet and
Althaus, that with a vertical sun, and a sky free from all visible cloud or
haze, the proportion of solar heat that penetrates the whole thickness of
the atmosphere, and is therefore effective at sea-level, does not amount to
more than two-thirds or at the utmost three-fourths of that which reaches
the exterior of our atmosphere. Herschell estimates it at the former quan-
tity. But in India, the atmosphere, when cloudless to the eye, is by no
means so diathermanous as is here assumed. Sometimes for many days
together, with settled weather and a cloudless sky, the sun thermometer
gives steady maximum readings, not differing more than one or two degrees.
A day follows on which there is a good deal of cloud, and perhaps some rain,
and the diathermancy of the atmosphere is so increased in the intervals of
the clouds, that the sun-thermometer registers 10° or 15" above any of its
previous readings. Such cases occur frequently in all the registers. It is
probable therefore that on days registered as cloudless, not less than half
the solar radiation and frequently much more is absorbed by the atmo-
sphere. In order to obtain data that shall be fairly comparable, I have in
most cases selected those days on which the sky was either cloudless at 10
A, M. and 4 P. M., or had on the average not more than one-fifth of cloud.
In the case of the two comparatively cloudy stations Silchar and Port
Blair, I have been obliged to extend these limits; in the former case to three
tenths, in the latter to one half. The monsoon months, June to September,
are omitted in these tables.

Another method of proceeding which I have adopted in order to verifly
these results is to take the two highest readings recorded in each month
(including the monsoon months) as the data for comparison.

The four following tables give the results. In Tables I. and II. the
comparison is restricted to the registers of those stations and years in
which the same instrument has been read continuously for at least two
consecutive calendar years. The differences of each pair of years are given
separately for each station, and the means of the whole. This method of
comparison, however, admits of a very small portion only of the data being
utilized, since it excludes all broken years, and therefore in Tables III. and
IV. I have adopted a modified course of proceeding, which admits these.
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I have taken first for each station separately the temperature differences of
each pair of homonymous months in consecutive years, rejecting as before
all those in which the instrument has been changed in the interval; and
next the mean of all the differences thus obtained for the same pair of
months., A rise of temperature is indicated by 4 , a fall by —.

Tarie L—Differences of annual means of black-bull temperatures with a
clear sky (as above defined).

StaTIONs. 1868-9 |1869-70 | 1870-1 | 1871-2 | 1872-3 | 1873-4
Port Blair. c..vev cunennee +22 —17
Cuttack, sovevene covannn . +18 +14 0
Chittagong, «.oeeeseenn —08 ]| —19 0
DACCE, cavssnns sorenn suns +26| —22| —04
Hazaribagh, ............ +29 +19 — 44
Berhampore, «o..cu ..., . —24
Patna, ..... e e +77
Monghyr, covvvevinenns . +29 | —01
Silchar, saeveeee vvueen . —21 0 —18 +63
Roorkee, sovevens vninnen . +23 — 586
Sumg, | +10°6 +70 +01 +36| —45| —82
Means,| +5°3 +23 0 +09 | —11] —10

Tasre I1.—Differences of annual means of two highest black bulb tem-
peratures monthly.

STATIONS. 1868-9 |1869-70| 1870-1. | 1871-2| 1872-3 | 1873-4
Port Blair, ....... e +29 : —1-3
Cuttack, ..........oo0n +26 + 25| —23
Chittagong, ......... cee — 17| —04 +1-3
Dacca, ..... s PR . +17|] —12 +1-2
Hazaribagh, ..... e +28 +37 —39
Berhampore, ............ —12
Patna, ..ooveiinnn PP, +60
Monghyr, ERTITIIIY +03 | —10
Silchar, .v.vvvvvveoens. +18| —23, —03 +77
Roorkee, vuveus cose vennas — 09 —39
Sums, | +88| +69| —01| +03| +06| —24
Means,| +44| +23 0 +01 +01| —03
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Tasre III. A.—Differences of monthly means of black-buld temperatures
with clear sky.

JANUARY.
StaTIONS. 1868-9 | 1869-70 | 1870-1 | 1871-2 | 1872-3 | 1873-4
Port Blair, cavseeee covesa —13 +33 ) — 82
Cuttack, .vvveese ssacnnne — 50 +83| —06
Chittagong, « cvvse savreaen —26| —80| —15
JeSS0TE, veereare tivenens +17
Dacca, ..... aeaeiaiae seas . —10| —26| —32
Hazaribagh, ......e0.000 | —389 +59 | —10 ) — 55
Berhampore, vuvvuvevinnnn —29 — 34 —11-8
Silchar, cvesense vacenana +28 | —b51! —10 0
Monghyr, .eves. +15 +38 | —47
Patna, veveveee.n +67 +86
Roorkee, vvivense vrrenans —31| —52 —12+0
Means, +16 +24 +13| —38 +04 | —53
FEBRUARY.
Port Blair, svvvenis vannnn —27 +49 o —2'5
Cuttack, .v.ovvveenen. .. —50 +72 | —14
Chittagong, «ove vene cvsens —47 | —07 +04
JeSS0Te, viviviierianares +1'6
DAacCa, cove veriners srines ) —17| —05| —33
Bazaribagh, ......v0 .00 +22 +25 +39 ’ —08
Berhampore, ....v0 v0vuns —42 —51 ) — 113
Silchar, cvieeves vaeneans +05| —b1 +2'4 0
MonghyT, sicvaesesveves +32 +15 | —48
Patna, voovavrenssrencans +202 —34
Roorkee, vovvvene cvvinnns —68 | —02 —97
Means, | +80 — 09 +08 —38 +2'1 —36
MarcH.
Port Blair, «vvvvveevninis +54 +2°8 —71
Cuttack, ...ovvne cnncnnas : — 48 +4°0 +02
Chittagong, ..eevevs snes +05 | —04| —15
Jessore, ..... Ces e +2:7 :
Dacca, .cvvvs cacenena tons +43| —21 +02
Hazaribagh, ....v0vvuean +50 ] —238 +82 . —34 | —4.7
Berhampore, «veveees oun. +16 . —31 +13°1
Silchar, sicvvvee sanesnss —15] —19)| —14| +19
Monghyr, vivvsven sunaas . — 04 +36 |- —14
Patna, ..oveiveieeriinenss +19°2
Roorkee, .ivieenscnsaas +09 | —93)| — 153
Means, | +90 | +11| +28| —23| —07| —17
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APRIL.

STATIONS. 1868-9 | 1869-70 | 1870-1 | 1871-2 | 1872-3 [1873-4
Port Blait, seersnss sesses : +38 | —32 +10
Cuttack, vevvveve vonenns — 06 +27] —39 +23
Chittagong, «vvevese cenens —02 +18 | —20| —17
Jessore, s.uiiese aees +42
Dacca, vovaressssraesnenes —40 +51 | —29 0
Hazaribagh, ..veveve v +100, —21 +17 —63 —62
Berhampore, ..vvsy censres +36 ' —73 +57
SIIChar, vesesss sevnsons —35 +14 | —60 +53
MonghyT, sueesess connee C—03 | 419 —25
Patna, coesvesessaeeennas +84¢
RoOTKEE, sprennrs srrnnes +6°1 +56| —81

Means, +75 +11 | —02 +02 | —26 | —02

May,

Port Blair, .....ouievns —07 | —389 —77
CUttack, »vvveseseraenens —59 | +97| —b&5| —19
Chittagong, ...oeeesenes +37| —o6| —18| —02

JESSOre, sieessen annrones

Dacca, .eeeenne saseness . — 67 +54 | —37 +01
Hazaribagh, ..vvsvenenee +14'2) —66 +2°6 —26 | —44
Berhampore, «.eoeees vies +99 +50| —72
Silchar, o,uvvnvsvevenars —19 +10 | —32 +4'9
MonghyT, «uuveveenrecvns +17 | —46

Patna, eseveesssasersnes +39
Roorkee, sveveves sereeens —11 +67 | —49

Means, | +91| +11| —22| +26]| —07| —245

OCTOBER.

Port Blair, vevivs avsrense | — 107 | — 80 — 88| + 40
Cuttack, sveveeesaeneenss — 38| + 40| + 02 + 25
Chittagong, veeeevaessssse . — 05| + 41| —43| + 24
JESS0T€, wees aiveraneenn + 60
Dacca, cv vevven vrsrnsanne — 06| + 25| — 23| + 47
Hazaribagh, .veveeevess | == 70 | +106 — 69| — 41
Berhampore, ssveavee sees + 03 —127 | — 19
Silchar, cvvses vosvssnvas — 40| 4 46| — 13| + 64
Monghyr, +ivveveovsnees | — 44| + 90 | — 29
Patna, cvvivvensocernnnse | — 50
Roorkee, vivsvvnseranenan + 46 — 13| + 38

Means, | — 45 | + 84 | — 17 | + 40 | — 47 | + 27
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NOVEMBER.
STaTIONS, 1868-9. | 1869-70.| 1870-1. | 1871-2. | 1872-3. | 1873-4.

Port Blair, sviessssnesess | — 64| + 08 — 21| + 21

Cuttack, ssviness sesivnns — 05 + 46| + 12| — 18

Chittagong, «veeceevaeonss — 28| —05 | —18| + 31

JESS0TE, suveenss vevsannnss + 67

DACCE, vevens enenen cnnois + 01| + 46| —19| — 08

Hagzaribagh, s .vvevin vnnnes | — 12| + 48 — 36| — 79

Berhampore, «......e00ae | — 05 + 19 —134 | — 43

Silehatry .y cave vave sanennsse — 59| + 54 — 40 +154

MonghyTy severses cavsrene | — 28 + 89| — 08

Patng, .eeeveerereacsans — 03

Roorkee, svas svervens aens — 96| + 31 — 351 + 03
Means, | — 22| + 13| — 06| + 85| — 36| + 08

DECEMBER.

Port Blait, v.vevevevenses | — 17| + 48 — 48 | + 46

Cuttack, +.eeveve vannaas . — 25| + 62| + 17| — 14

Chittagong, seeees vevnos . — 26| + 03| — 07| — 14

JESS0TE) ceee civnrn sannnaan + 28

Dacca, coesaranvenscvasas + 02 20| — 23| — 04

Hazaribagh, ove vivans o + 34| + 21 — 04| — 57

Berhampore, .«...veeevees | — 4°8 — 07 —109 | — 51

Silehar, coue vees coas esvans — 34| + 02| — 03| +155

MonghyT, cass vere vosesnes + 05| + 43| — 3896 1 o

Patna, .vesvvveveeneennes | + 86

Roorkee, sovvvvnnnereanns — 26| + 13 — 53| + 18
Means, | + 12| + 28| — 16| + 22| —29 | + 09

Tasre III. B.—Mean monthly and annual differences of black-bulb
temperatures with a clear sky.

MoxTHS, 1868-9. | 1869-70.| 1870-1. | 1871-2. | 1872-3. | 1873-4.
JAnUATY, «oos svvens coenss | + 16| + 24| + 13| — 38| + 04| — 53
February, ........co.o0n | + 80| — 09| + 08| — 38| + 21| — 36
March, v vvevune vvvnennens | + 90 | + 11| + 28| — 28| — 07 | — 17
April, siviviii i innens | + 75+ 11| — 02|+ 02| — 26| — 02
May, wievvvvevnvinienas |+ 91| + 11| — 22 4 26| — 07| — 25
October, ...vvivevuvienes | — 45| + 84| — 17| + 40| — 47| + 27
November, ....vovvuveves | — 22 + 1'3| — 06| + 85| — 36 + 08
December, v.ovvevevennes | + 12 + 23| — 16 + 222 | —29| + 09

Sums, +297 | +168| — 14| + 26 | —12°7 | — 89
Means, | + 37| + 21| — 02| + 03| — 16 11
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TasLe IV. A.—Differences of monthly means of two highest black-bulb tem=
peratures in conseculive yewrs.

JANUARY.
StATIONS. 1868-9 | 1869-70 | 1870-1 | 1871-2 | 1872-3 | 1873-4
Port Blair, ceveen vevsvnnn 0 — 10 .| — 130
Cuttack, .vveeves s e — 35| + 78| — 01
Chittagong, «vovvs cvvens — 20| — 13| + 14
JESS0TE, uivanenniiasenn + 10
DACCA, v vvre crrrae s ses + 06| — 09| — 47
Hazaribagh, .....vveveee| — 30 4+ 90| — 25 . — 40
Berhampore, «ievvsee onn — 67 — 32 ... — 83
O Silchar, cveevieeons -~ 30| — 30 + 45 + 10
Monghyr, coeevsans + 25| — 20| — 10
Patnga, .. cooevene erns + 170 70
ROOTKEE, e es erps vureen . . + 20| — 40| — 101
Sums, + 1600 — 12| — 65 | — 16°1| + 10'1] — 380
Means, | + 50 02} — 13| — 28 + 25| — 47
FEBRUARY.
Port Blair, vovevirecennes — 30| — 10 | — 50
Cuttack, cvevvvesvinr i — 72 + 74| — 23
Chittagong, .vivveverves ’ — 86| — 14| + 46
Jessore, ... + 34
Dacea, coveveivienerrarees .. — 06 + 06| + 06
Hazaribagh, .......ve00s + 90| — 25| + 85 R — 30
Berhampore, «uesvevevans — 67 — 02 b =107
Silehar, seeseeveereevans o — 05 — 36| + 20| — 10
Monghyr, «.covereinaans + 05| + 35| — 106
Patna, covovariiens cnnaes + 2000
Roorkee, coes vuvrvier vres — 95 + 4% — 108
Sums, + 324 — 11'7] — 40 | — 26°1] + 86| — 246
Means, | + 108 — 29| — 08| — 37! + 21| — 81
MarcH.
Port Blair, coevvvve vunnne + 65| + 10 — 55
Cuttack, ..oviive svnennse + 05| + 02| — 23
Chittagong, .vives cevees + 20 —12| + 02
JEs80E8, weerrenn ainn cves | — 25
Daccayveuness PR e + 41| — 35| — 06
Hazaribagh, .. Caes + 20| + 75| + 10 Ty — 87| — 60
Berhampore, ., + 57 — 25 B R
Silehar, .ovvievein vannn . — 10| — 60| — 30, + 45
Monghyr, «ovviennninn. + 10} + 25| — 3893
Patna, .oooee vevnnr venenn + 125
Roorkee, vovvvivinnvenans + 05| + 42 96
Sums, [+ 10:0] + 257 + 40| — 12 [ — 112 — 260
Means, | + 83| + 64| + 08| — 02| — 22 ‘ — 82
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ArRIL.
STATIONS. 1868-9 | 1869-70 | 1870-1 | 1871-2 | 1872-3 | 1873-4
Port Blair, vuvees sonsenes + 50| — 30 —25
Cuttack, vivven cvveaninas + 10| —382|[ —04| + 30
Chittagong, vaeees ceeres + 66| —86 | — 20| + 17
JOSSOTE, weriuiirns varess | — 05
DACCa; cvesrens vrsevarens T+ 14 + 32 — 42| + 14
Hazaribagh, ......0v0.00 | + 10%5 0 + 20 — 75| — 40
Berhampore, +vivevvevsen + 22 — 67 — 67
Silehar, Vivveesvenvinies — 55| — 45| — 45| + 100
MonghyT, seievinavaina. — 35| + 15 0
Patna, vovvviinen vinnnan, | + 28 1.
Roorkee, .ivveevrrinsanis + 15| —37) ] — 71
Sums, + 125 + 37 + 46| — 184 — 186, — 42
Means, + 42| + 09 + 06| —26| —37| — 056
May.
Port Blair, seeevs evverens + 36| — 25 : — 50
Cuttack, .ovvesvensvnnean — 70 + 40| —15| + 19
Chittagong, cevevees vovess — 10| — 42| 4+ 66| — 69
JeSS0Te, cvvvin vaenirieens
Dacca, sevses snevinssanes — 31 + 16| + 04} — 1'9
Hazaribagh, .vvvvs avsnvees | + 75| + 16| — 60 |- ol =80 | — 12
Berhampore, ..veee evsens +.75 + 12| + 80| — 20
Silchar, s ovvvesa sare svanns + 85| — 20| —65| + 8d
MonghyT, couesses svnenens + 30| — 70
Patna, v.iovsevevinsonnnes + 05
RoOTKEE, tvvevrnsvrusvune — 20 — 10| + 24
Sums, | + 80| +155 | —201 | + 06 — 20| — 42
Means, | + 40 + 39| — 256 + 01| — 03| — 0%
JUNE. »
Port Blair, seveveas sarnes +140 + 65
Cuttack, «ivvvevveronines —140 | + 90 | +150 | —19°0
Chittagong, «vvvesvevs vons — 26| 4+ 21| — 23| + 64
JeSS0TE, v vs sven vensas vues i -
Dacca, vvevsensencenranns + 25 + 1'1| + 01| + 24
Hazaribagh, ..vvvuvevennss | + 85| + 75 — 45 — 45| —120
Berhampore, ..... 00000 + 30| + 40 ) ' + 42 — 06
Silehar, .ovv vave svrnen vres +176 | — 15| — 75| +145
Monghyr, ceeverns vervanes | + 80| 4+ 50| — 35
Patng, cvveviieninenennns + 40
Roorkee, vivriensvinnanes — 40 + 15 — 63
Sums, +155 | +305| — 85| +107 + 65| — 90
Means, | + 39| + 76| — 12| + 27| + 09| — 11
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Juny.
STATIONS. 1868-9 | 1869-70 | 1870-1 | 1871-2 | 1872-3 | 1873-4

Port Blair, cevssvs vevssaos + 30 + 110

Cuttack, vovees savues aoes + 15| — 35| =02 + 49

Chittagong, ...ieseecees — 14| — 45| — 34| + 37

JesSOre, suveee vnssanenns

Dacca, ..... e trsssenres + 31| + 01| =57 + 41

Hazaribagh, ..viveesoree | — 80| + 70| — 80 — 42 — 22

Berhampore, vevesses esss | + 0°0 — 35 + 17| — 45

Silchar, covevees sssvrens + 95| —35| —10| + 75

MonghyT, seeves varesese [ — 20| = 20| + 05

Patna, ceveevesassncess | — 45

RoOTKE®) vavses savier aens — 30 +1111 | — 121
Sums, | — 110 + 80| — 13 | — 114 — 1.7 | + 124
Means, | — 28 | + 27| — 02| — 28| — 02| + 15

Avavst,

Port Blair, veeevs vovensns + 30 — 9.5

Cuttack, «viver snnnnies —_ 22 + 22| + 09| + 06

Chittagong, .. s — 09| — 36| + 36| + 13

Jessore, esrerien aaaes .

Dacca, sevres svores sneres 0 + 70| — 09| + 24

Hazaribagh, «.vvve vevans + 05| — 20| 4 05 —_ 95| + 2.2

Berhampore, «v.vve vuvons + 100 — 27 — 70| + 35

Silchar, voveve vevven cons — 20| — 30| + 70| + &5

Monghyr, oo | #8680 =50 + 10

Patna,...ovv vevnon annann + 165

RoOTkee, s svivs sens suvnns — 06 + 28| — 12
Sums, + 320, — 40| — 69| + 26| — 31| + 48
Means, | + 80| — 13| — 09 + 06| — 04| + 06

SEPTEMBER.

Port Blair, veevvuvivsenss — 35 — 20| + 30

Cuttak ...ovvnvvevnnnvnns — 57| #1444 | —109 | + 37

Chlttagong,.............. — 30| + 04| + 1'7T| — 14

Jessore, .. ..., e — 50

Dacca, .... . — 49| + 20 — 16| + 8.1

Ha,zanbagh, [N . + 15| + 65 1 —1051] + 0.5

Berhampore, «..o.iiiinn | — 105 — 10 1 — 97| + 55

Silehar, .o vvve vens vuvn vnns + 80| —301 + 65| + 20

Monghyr, .o vers cvennnen, + 65| = 551 — 10

Patna, vvvsevnnin e ann, + 65

Roorkee, weusvvesnoeens + 15 + 31 + 10
Sums, +180 | — 75| — 61| +138 | —234 | +224
Means, + 83| —19 | —09| + 34| —29| + 28
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OCTOBER.
SraTIONS. @& | 1868-9 |1869-70 | 1870-1 | 1871-2 | 1872-3 | 1873-4
Port Blair, cvevvevivrones [ — 10 + 60 + 05 0
Cuttack, voveevee voneaens — 40| + 75| —09] + 01
Chittagong, seevseveoens — 04| — 05| — 17| + 40
JESS0TE, ienveseriariens — 21
DACC ceeavroerranessnss — 84| + 04 —01] + 29
Hazaribagh, «v.vivennees | — 85| + 70 + 15| — 756
Berhampore, coavevvnees. | + 80 — 10 ~— 112 + 40
Silchar, ..eeovnreviocens 4+ 80| — 110} + 25| + 1566
Monghyr, .evvvvaaen vees | 05 + 30 — 30
Patna, coeeveervsvneeness [+ 105
ROOTKEE, saasssnesorsnsne — 05 + 07| + 27
Sums, + 35| + 139 — 23| — 36| — 87 21-7
Means, | + 07| + 35| — 03 | —09 | — 11| + 27
NOVEMBER.
Port Blair, ...ovevevvenes | — 55| + 20 — 30| + 40
Cuttack, .ivvevenvocenese ~—130 | + 92| + 08| — 47
Chittagong, seeeeceesovase ~ 48| + 74| —39] + 39
JESS0TE, sevrns sensnnsnsren + 79
Dacca, «ovsaarssrisrnanes 0 — 06| + 16| + 56
Hazaribagh, ... covevn i 0 + 65 — 47| — 42
Berhampore, ..ov vovrueains + 15 — 35 —12:0 | + 20
Silehar, covsvavennanenenss — 45| + 85| — 15| +14'5
Monghyr, cvieirvevniienns | — 65 + 55| — 15
Patna, cove vovisirnerains — 20
"Roorkee, suusesesireaaass — 750 — 41| + 43
Sums, —125 | +144 | —273| +195 | —26'8 | +254
Means, | — 25 | + 29| — 39| + 49| — 33| + 32
DEcEMBER.
Port Blair, .visevsnseseee | + 200 | + 40 + 25 + 15
Cuttack, ... .e + 151 + 52 0 — 44
Chittagong, . I — 42| — 48 0 — 13
JES30TE) verrvannannenannes + 27
Daccd, ssseessseransecces — 06| +09 + 04| — 59
Hazaribaore, ...cessesees + 15| + 05 — 20| — 05
Berhamp ..ivevensecsseann + 12 — 35 —125 | — 90
STIChAT, vvuueeressessannes — 25 0 — 30| +140
MonghyT) cosseresosesasos | 4+ 50| — 15 | — 25
— 30
Roorkee, seesvassssescans — 60| + 85 — 89| + 07
Sums, | 4 g7 | — 03| — 83| + 13| —235 | — 49
Means, | 4+ 13| — 01| — 10| + 03| — 29| — 06
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TaBre IV. B.—2Mean monthly and ennual differences of maximwm black-
bulb temperatures.

MonTHS. 1868-9. | 1869-70.| 1870-1. | 1871-2. | 1872-3. | 1873-4.

January, ..ieeeee seeiaens + 50| —02] —1834{ — 28| + 25| — 47
February, ceveeeee vervnnnse +108 ) — 29| — 08| —37| + 21| — 31
March, cvvven vvvene nnnnns + 57| + 64| —08| —02| —22| — 32
1 P + 42| + 09| + 06| —26| — 37| — 05
DAY, vvenre cenrenveneenn | + 40| + 39| + 25| —01| — 03| — 05
JUNE, cvviis viiien e + 39| + 76| —12] + 27| + 09| —11
July, ..... e eires | — 28| + 27| —02| + 28| — 02| + 15
August,..... Ceseees senses + 80| —13] —09| + 06| — 04| + 06
September, ..... Ceeees o + 33 —19| —09| 4+ 34| — 29| + 28
October, +ivvvvervieneans | + 07| + 35| —08 | — 09| — 11| + 27
November, .......covun. | —26| —29| —39 | + 49| — 33| + 32
December, ..vvvevrievane + 18| —01| —10| + 03| —29] — 06
Yearly sums, +416 +216 | —116 | — 05 | —11'5 29

Means, | + 36| 4+ 1'6 | — 09 0| — 09| — 02

The results obtained by these four different methods, resting on two
distinet kinds of data, agree then, in shewing a very decided variation
of the incident solar heat ; a variation which, in the epoch of its maximum
approximately, its rapid rise before that maximum and slower decline
after it, agrees with the variation curve of the solar spots. Table III being
based on a far larger quantity of data than either of the others, probably
gives the most trustworthy results. The curve obtained from this table is
given in the adjoining figure.

6‘—.....
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‘What proportion the variation may bear to the total incident heat, the
present data of course cannot show ; and in order to know this, we must
await the regular actinometric observations which it is to be hoped may be
undertaken at the new Solar Observatory under Col. Tennant at Simla,
But judging from the present results, it would certainly appear probable
that the variation is such as must exercise a very appreciable influence on
the Meteorology of our earth. ¢Itis a dynamical law absolutely universal
and one which extends beyond the domain of mere dynamics, that all
periodicity in the action of a cause, propagates itself into every, even the
remotest effect of that cause, through whatever chain of intermediate arrange-
ments the action is carried oub.”*

If then the sun’s radiation vary directly with the number of the spots
and prominences, every other meteorological phenomenon must likewise so
vary, rainfall and temperature included, and we have therefore @ priori
grounds for the validity of Meldrum, Lockyer, and Képpen’s discoveries.
With regard to the rainfall, the coincidence of its variation with that of the
sun spots has been only partially verified by the data ; but seeing that the
rainfall of the larger part of the world has not been taken into considera-
tion in the comparison, this is no more than we should expect. In India,
for instance, the registers of most of the few stations that have been com-
pared, fail to conform to the supposed law, but India is but a small part of
the region on which precipitation takes place during the SW. monsoon, and
I have shewn in a former volume of this Journal, that there are independent
grounds for believing, that owing to protracted variations in the distribution
of atmospheric pressure in different years, (from what causes arising we are
at present unable to determine,) deficient rainfall in one part of the monsoon
area is probably compensated in great part by an excessive rainfall elsewhere.
As far as the coincidence has been established, the quantity of rain that falls,
varies directly with the intensity of the sun’s radiation ; in other words, with
the quantity of energy received from the sun, which of course determines the
quantity of water evaporated and afterwards condensed.

This consideration appears to me to throw some light on the apparent-
ly anomalous variation of temperature detected by Professor Koppen.i
He finds that, in the tropics, the maximum temperature coincides, not with
the maximum of the sun-spots, but more nearly with their minimum ; which,
however, it precedes by 4 to 13 years, His inference, partly based on this
fact, and partly on his erroneous idea of the nature of the spots, is the
reverse of that which follows from the facts now adduced. He concludes
that the spots are an indication of the diminished radiation of the sun,

¥ Herschel’s ¢ Meteorology,” p. 137.
1 Zeitsch. d. Oesterr, Gesellschaft fiic Meteorologie, Vol. VIII, pp. 241 and 257,

5
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and adopts the earlier hypothesis of Dela Lande and of Zéllner that they are
solidified scoriaceous masses floating on the glowing fluid surface [*‘Schollen
fest-gewordener Stoffe auf der ghihendfliissigen Sonnenkugel’’]. The great
discovery of Chacornac and Lockyer in 1865, that the spots are produced by
a down-rush of the cooled external atmosphere of the sun, would seem to be
unknown to him.

The spots being then, in all probability, an indication of increased ra-
diation, how is this to be reconciled with the facts ascertained by Professor
Koppen. Possibly, I think, in this way. The temperatures dealt with by
Professor Koppen are of course those of the lowest stratum of the atmo-
sphere at land stations ; and must be determined, not by the quantity of heat
that falls on the exterior of the planet, but on that which penetrates to the
earth’s surface, chiefly to the land surface of the globe. The greater part
of the earth’s surface being, however, one of water, the principal immediate
effect of the increased heat must be to increase the evaporation, and there-
fore, as a subsequent process, the cloud and the rainfall. Now a cloudy
atmosphere intercepts the greater part of the solar heat ; and the re-evapora-
tion of the fallen rain lowers the temperature of the surface from which it
evaporates and that of the stratum of the air in contact with it. The heat
liberated by cloud condensation doubtless raises the temperature of the air
at the altitude of the cloudy stratum; but, at the same time, we have two
causes ab work, equally tending to depress that of the lowest stratum. As
a consequence, an increased formation of vapour, and therefore of rain, fol-
lowing on an increase of radiation, might be expected to coincide with a
low air-temperature on the surface of the land.

It is needless to point out that a vast train of enquiry is opened up by
the fact, once established, that the solar heat undergoes a periodical varia-
tion. It is Ibelieve of high importance to Meteorology, or will be so when the
amount of the variation shall have been ascertained in terms of absolute mea-
surement, and it affords a strong additional incentive to the establishment
of an observatory in India, such as have already been founded under the
less favoured skies of Germany and on the Rocky mountains, for observing .
and measuring the variations of the sun. These and their immediate effects
are, by prerogative, the study of the tropics.

P. 8. July 12¢th.—Since the foregoing paper was read, I have examined
the register of Darjiling ; a station which, although frequently obscured by
cloud, has the advantage over stations on the plains, that it is above the
level of the dust haze that absorbs so much of the solar heat over the latter.
I bave discussed the registers by a method somewhat different from either
of those followed in the body of the paper, viz., by selecting the three high-
est recorded sun temperatures in each half month, deducting from each the
maximum temperature of the air in the shade on the same days, and taking
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the mean of the six differences to represent the solar intensity of the month.
The result, as will be seen from the following table, is in complete accord-
ance with that previously arrived at from other data. The same thermo-
meter has been in use throughout.

Taste V.—Solar intensity at Darjiling.

STATIONS. 1870. 1871, 1872. 1873. 1874. 1875.

January, - . 578 677 592 57'8 62-3

Fobruary, .. o 622 | 628 | 623 | 565 | 603

March, ” o 633 | 635 | 62 582 | 578

April, o i, 642 | 632 | 628 | 557 | 602
May, " ] 622 | 678 | 668 | 638 | 598
June, . T oer 68 673 | 625 | 6592
July, ” ] 633 | 662 | 657 | 608 | 563
August’ .. . 70°8 657 668 60° 57'8
September, .. Ul owrs | 693 | 637 | 623 | 593
October, e . 65°5 682 70* 633 60°8
November, .. . 62'5 673 62:5 | 573 63°3
December, .. sy 663 | 59" 538 | 605
Year,.. 655 649 60°8 586

VIIL.—Notes on the Geology of part of the Dafla Hills, Assam ; lately visited
bythe Force wnder Brigadier-General Starrorp, C. B.—By Major
H. H. Gopwix-Avsten, F. R. G. 8., F. Z. 8., &c., Deputy Superin-
tendent Topographical Survey of India.
(Received June 18th,—Read July 7th, 1875.)

(With Plate VI.)

My survey duties with the late expedition into the portion of the
Eastern Himalaya known as the Dafla Hills gave me an opportunity of
making a few notes on the geology of this portion of the North-eastern fron-
tier, of which so little is known up to the present time.

From the Brahmaputra near Bishnith and Dunsiri Mukh, the outer
range of the Tertiary sandstonesis well seen, the steep scarps shewing white
against the dense forest with which they are covered. I first entered this
outer range by a route up the bed of the Darpang stream, a tributary of
the Pichola, when proceeding to clear the hill Dihirhi Pérbat for a Trig-
onometrical station. Afber leaving Borpathar, the road leads over the plain
in a direction WNW., and after 5 miles the shallow bed of the Darpang is
followed up and leads directly by a narrow gorge into the hills: these rise
suddenly from the level plain of recent detritus, no outlying beds of later
age being seen here.



